α-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors are considered to play a crucial role in synaptic plasticity in the developing visual cortex. In this study, we established a rat model of binocular form deprivation by suturing the rat binocular eyelids before eye-opening at postnatal day 14. During development, the decay time of excitatory postsynaptic currents mediated by α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors of normal rats became longer after eyeopening; however, the decay time did not change significantly in binocular form deprivation rats. The peak value in the normal group became gradually larger with age, but there was no significant change in the binocular form deprivation group. These findings indicate that binocular form deprivation influences the properties of excitatory postsynaptic currents mediated by α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors in the rat visual cortex around the end of the critical period, indicating that form stimulation is associated with the experience-dependent modification of neuronal synapses in the visual cortex.
INTRODUCTION
The visual systems of humans and mammals develop from an immature to a mature state at an early postnatal stage [1] , adapting to the external environment and internal gene modulation [2] [3] [4] . This sensitive stage is called the critical period of visual development [5] . During the critical period, most amblyopia resulting from an abnormal visual environment can be cured. However, visual function is not enhanced beyond the critical period because of changes in visualcortical plasticity [6] .
α-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors are considered to play a crucial role in synaptic plasticity in the developing visual cortex [7] .
Excitatory postsynaptic currents (EPSCs) were rapidly depressed by a test pulse stimulation in an early postnatal stage via a Ca(2+)-permeable AMPA receptor-dependent mechanism [7] [8] . Changes in sensory experience can regulate the synaptic levels of Ca(2+)-permeable AMPA receptors, using dark-reared animals [9] . Dark-rearing is a condition of complete deprivation of visual inputs while binocular suture is a condition of diffuse light stimulation without form vision [10] [11] . However, binocular form deprivation rats cannot properly fixate at any time, and stimulation with diffuse light results in an abnormal binocular interaction in the visual cortex [10] . Binocular form deprivation can closely mimic the symptoms of amblyopia caused by ptosis and be applied to investigate the mechanisms underlying the onset of amblyopia [9, 12] . Binocular form deprivation influences the developmental depressions of N-methyl-D-aspartate receptor subunit 2A in the rat visual cortex around the end of the critical period. Regarding abnormal visual experience, there is no report discussing the effects of binocular form deprivation on the EPSCs mediated by AMPA receptors (AMPA-EPSCs) in the rat visual cortex. In the visual cortex, the receptor component of postsynaptic currents (PSCs) consists of gamma-aminobutyric acid, AMPA and N-methyl-Daspartate receptors [5] . AMPA-EPSCs can be isolated using bicuculline methiodide (a blocker of gammaaminobutyric acid receptors) and D,L-2-amino-5-phosphonovalerate (a blocker of N-methyl-D-aspartate receptors), and assessed using 6-cyano-7-nitroquinoxaline-2,3-dione (a blocker of AMPA receptors). Therefore, we sutured rat binocular eyelids before eye-opening and reared them in the same conditions as normal rats. We recorded the PSCs of neurons located in layers II-IV of the visual cortex, in brain slices, using patch-clamp whole-cell recording, and then isolated
AMPA-EPSCs pharmacologically to analyze the kinetic changes.
RESULTS

Quantitative analysis of experimental animals
A total of 40 Long Evans rats were divided equally and randomly into normal and binocular form deprivation groups. At postnatal days (PD) 14, 21, 35 and 49, the numbers of rats in the normal group were 5, 5, 5 and 5, respectively. At PD 21, 35 and 49, the numbers of rats in the binocular form deprivation group were 6, 7 and 7, respectively. A total of 59 cells in layers II-IV of the rat visual cortex were recorded with the same stimulus of 0.5 mA and 100 μs duration, enabling isolation of AMPA-EPSCs by blocking the gamma-aminobutyric acid receptor-generated and N-methyl-D-aspartate-receptorgenerated current components ( Figure 1 ). Among them, three cells were discarded because their input resistance and series resistance changed by more than 15% [9] ; 56 cells met the criteria [9] (input resistance ≥ 200 MΩ, series resistance ≤ 25 MΩ) for analysis. At PD 14, 21, 35 and 49, the numbers of analyzed cells in the normal group were 8, 9, 7 and 7, respectively. At PD 21, 35 and 49, the numbers of cells in the binocular form deprivation group were 9, 8 and 8, respectively.
Electrophysiological properties of neuronal AMPA-EPSCs in the rat visual cortex
We analyzed the decay time (from the summit to the baseline), rise time (from the baseline to the summit) and peak value (amplitude) of neuronal AMPA-EPSCs to demonstrate their electrophysiological properties in rat visual cortex during development (Table 1 ). In the normal group, the decay time of AMPA-EPSCs in the visual cortex became longer after the rat eyes were opened and the rat matured (P < 0.05); however, the decay time did not change significantly in the binocular form deprivation group (P > 0.05). At PD 35 or PD 49, the decay time of AMPA-EPSCs in the binocular form deprivation group was lower than that in the normal group at the same PD (P < 0.05). The rise time of AMPA-EPSCs did not differ significantly between the normal and binocular form deprivation group at the same PD (P > 0.05). The peak value became larger with age in the normal group (P < 0.05), but it did not change significantly in the binocular form deprivation group (P > 0.05). At PD 35 or PD 49, the peak value of AMPA-EPSCs in the binocular form deprivation group was lower than that in the normal group at the same PD (P < 0.05).
DISCUSSION
To investigate the AMPA-EPSCs around the end of the critical period, we performed experiments at PD 14-49 in rats, because rats had their peak plasticity at PD 14-21, with the critical period ending at PD 35 [12] . From PD 14 to PD 49, we found that, following eye-opening, blockage of the gamma-aminobutyric acid and N-methyl-D-aspartate components resulted in longer decay times and larger peak AMPA-EPSC values, but the rise time and peak values of AMPA-EPSCs of visual cortical neurons did not change markedly with visual inputs in normal rats. During early postnatal life, there are many more silent synapses in the visual cortex compared with other developmental stages and proteins responsive to AMPA receptors are lacking [13] [14] . The spine head size of dendritic spines is correlated with the synaptic AMPA receptor content [15] .
With increasing visual experience, the synaptic transmission mediated by AMPA gradually increases [14] .
After the second postnatal week, a significant increase in the relative contribution of the AMPA conductance [13] , and AMPAR-mediated responses showed age-dependent changes in the rectification properties of their I-V relationships [16] . These changes in AMPA-EPSCs may play an important role in the experience-dependent modification of neuronal synapses in the visual cortex [17] .
Binocular form deprivation inhibits normal developmental changes such that the decay time of AMPA-EPSCs became longer and the peak values became larger with age. Because the visual development of binocular form deprivation rats is driven mainly by light vision, with a complete lack of form vision, form stimulation may play an important role in the experience-dependent modification of neuronal synapses in the visual cortex. The critical period of visual development may be delayed by form deprivation, such as by dark-rearing [10] . 
MATERIALS AND METHODS
Design
This was a randomized, controlled, animal study.
Time and Setting
Experiments were performed in the Laboratory of Southwest Eye Hospital from August 2010 to May 2011.
Materials
A total of 40 healthy specific pathogen-free Long Evans rats were supplied by the Experimental Animal Center of Daping Hospital, Third Military Medical University of Chinese PLA (animal license No. SCXK 2007-0005) at postnatal 2-7 weeks, irrespective of sex.The rats were reared in a light-controlled room before the start of experiments, with a fixed lighting schedule (8:00 to 20:00). Light was generated by two fluorescent lamps with approximately 90 lx of intensity at the animal level [10, [18] [19] . The room temperature was controlled at 22-25°C, and humidity at 50-60% [20] [21] . All experimental protocols were conducted in accordance with the Guidance Suggestions for the Care and Use of Laboratory Animals, formulated by the Ministry of Science and Technology of China [22] .
Methods
Establishment of binocular form deprivation rats
At PD 14, before eye-opening, binocular form deprivation Long Evans rats were established by suturing the binocular eyelids under sodium pentobarbital anesthesia [5, 23] . The binocular form deprivation group was inspected twice a day for holes in the sutured eyelids. We immediately repaired the holes, if necessary. Closed binocular eyelids after suturing indicated successful binocular form deprivation model establishment [24] .
Preparation of rat visual cortical slices
Visual cortical slices were prepared from normal rats at PD 14, 21 (7 days after eye-opening), 35 and 49, as described previously [10, 25] , and from binocular form deprivation rats at PD 21, 35 and 49. Animals were initially anesthetized with ether [26] and then decapitated.
Brains were rapidly removed and placed into cold (4°C) carbogenated artificial cerebrospinal fluid, supplemented with 124 mM NaCl, 26 mM NaHCO 3 , 3 mM KCl, 1.25 mM NaH 2 PO 4 , 1.3 mM MgCl 2 , 2 mM CaCl 2 ,10 mM dextroglucose, pH 7.4 [27] [28] . Subsequently, visual cortical slices [29] [30] [31] (300 μm) were dissected using a vibroslicer (Ted Pella Instrument, CA, USA), and then incubated at room temperature for at least 1 hour in carbogenated artificial cerebrospinal fluid.
Electrophysiological recording
For electrophysiological recordings, slices were transferred to a submerged-type recording chamber and continually perfused with carbogenated artificial cerebrospinal fluid (1.5 mL/min) at 20-25°C [32] . Pipettes were pulled from borosilicate glass capillaries (World Precision Instruments, USA) with the use of a P-97 micropipette puller (Sutter Instrument, Novato, USA). The electrodes had tip impedances of 5-10 MΩ when filled with a solution containing 140 mM K + gluconate, 2 mM MgCl 2 , 1.1 mM ethyleneglycol-bis(β-aminoethyl ether)-n, n'-tetraacetic acid, 0.1 mM CaCl 2 , 10 mM hydroxyethyl piperazine ethanesulfonic acid, 2 mM K 2 ATP, pH 7.4. The pipette was aimed at layers II-IV of the visual cortex and the stimulating electrode was placed in the white matter under the guidance of a stereomicroscope (Olympus Corporation, Tokyo, Japan).
Whole-cell recording was achieved using the patch-clamp technique [13, [33] [34] with an Axoclamp-200B amplifier (Axon Instrument, Foster City, CA, USA). Postsynaptic currents were evoked with a stimulus of 0.5 mA and 100 μs duration, and the voltages were clamped at -30 mV. Series resistance (10 to 20 megohms) was compensated and checked for constancy throughout the experiments.
Bicuculline methiodide (20 μM)(Sigma, St. Louis, MO, USA) and D,L-2-amino-5-phosphonovalerate (20 μM) (Sigma) were added to artificial cerebrospinal fluid for at least 5 minutes, sufficient to block gammaaminobutyric acid receptors and N-methyl-D-aspartate receptors, and the AMPA-EPSCs were recorded. The AMPA-EPSCs were also assessed in the presence of bicuculline methiodide (20 μM), 6-cyano-7-nitroquinoxaline-2,3-dione (20 μM)(Sigma) and D,L-2-amino-5-phosphonovalerate (20 μM) to block gamma-aminobutyric acid, AMPA and N-methyl-Daspartate receptors, respectively. Finally, all blockers were washed out to test the recovery of postsynaptic currents [28] .
Statistical analysis
Data analysis was carried out using Clampfit8.1 (Axon Instrument) and SPSS 13.0 software (SPSS, Chicago, IL, USA). Data are expressed as mean ± SD using one-way analysis of variance with Dunnett's post-hoc test for peak value, rise time (10-90%), and decay time (10-90%) of AMPA-EPSCs.
